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To all whom té may concern: 

Be it known that I, Ferpinanp Braon, pro- 
fessor, a subject of the German Emperor, re- 
siding at Strassburg, Alsace, Germany, have 
invented a certain new and useful Improve- 
ment in Methods of Producing Quick Elec- 
trical Oscillations of Different Phases, of 
which the following is a full, clear, and exact 
description, r eference being had to the accom- 
panying drawings, forming a part of this 
specification. 

The present invention relates to a method 
for producing quick currents with phase dif- 
ference in an economical manner. 

The method consists, essentially, in coupling 


‘those oscillating elements in which quick 


currents with phase difference are to be pro- 
duced with an exciting oscillating circuit 
either inductively or directly with “different 
strength, according to the degree of the re- 


quired phase difference of the ‘oscillations. 


The method can be advantageously used for 
spark telegraphy. Especially i in connection 
with transmitting-stations with several trans- 
mitting-wires oscillating in different phase 
for radiating the waves in a definitive direc- 
tion the new method offers an effective means 
for obtaining the phase difference requir ed 
between the single aerial conductors in a safe 
manner and withouta great loss of energy. 

The method permits “also of exciting one or 
more transmitters successively in such a man- 
ner as to obtain a continuous radiation of the 
rays. 

The new method is based on the following 
principle: An oscillating circuit A, Figure 
8, consisting of capacity and self- induction, 
acts inductively with a second oscillating cir- 
cuit ¢, which is metallically closed, both cir- 
cuits being in resonance with each other. 
Current and voltage (measured at the termi- 
nals of the condenser) are mar ked a V1 and 
do Vo, respectively. In this case z: and 7: are 
generally displaced against Vi and V2 by 
The variation of time oj is 
displaced against ¢: by ninety degrees or in 
phase with M:, (or displaced by one hundred 
and eighty degrees. ) In the case of resonance, 
however, 2 is in phase with dii/dt. Hence it 


ninety degrees.- 


| 
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follows that 2 and Ve are displaced against 
a and Vi, respectively, by ninety degrees. 
This is the theory in case of very loose coup- 
ling. The question is what the difference of 
phase. will be in case of a still useful coup- 
ling of both circuits. In order to form a 
judgment, both eriterions—viz., the mutual 
condition of current and voltage—can be con- 
sidered and will give useful results. In a 
test, for instance, for coupling by mutual in- 
duction only twelve per cent. of the self-in- 
duction contained in each of the two exactly 
identical circuits were utilized and loosely 
coupled at a corresponding distance. Inspite 
of this fact more than thirty per cent. of the 
energy of the primary circuit was trans- 
mitted to the secondary circuit with a phase 
displacement of seventy-two degrees up to 
seventy -eight degrees. By increasing the 
coupling the distribution of ener gy may be 
increased at the expense of the purity of the 
phenomena. In this case the following points 
are to be observed: There can be no ques- 
tion of a resonance in the sense of most of 
the acoustical phenomena. By resonance of 
two bodies with the proper oscillation Vi 
and Ve we understand a case where V: is 
equal to Ve and Vi, while V is the resonance 
oscillation which coincides with the proper 
oscillation. From an electrical standpoint, 
however, if two such swinging bodies are 
coupled two oscillations 2: and ne will gener- 
ally be produced where 2>V and m<v. 
This applies also if Vis Ve. One could there- 
fore say that 21 and ve in the two parts of the 
coupled system are necessarily in resonance 
with each other. The claim that the proper 
oscillation Vi and V2 of the two systems are 
the same (VY) is therefore no longer a funda- 
mental one, but: becomes a pr actical one, which 
may vary in cer tain limits. Assuming Vi= Ve 
to be in resonance with each other, the trans- 
mission of energy to the excited system si- 
multaneously with the amount of phase dit- 
ference for the resonance (or at least its prox- 
imity) isa maximum. Only in this sense can 
and shall electric resonance be discussed here. 
In the case of very loose coupling the more 
simple acoustical case is approached. 


The phase difference obtained with the 
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above-described method can be proved and 
measured from the heat or the effect of the 
sparks in a resonance jar-circuit. For fre- 
quencies of about six thousand up to ten 
thousand period per second the phase differ- 
ence can be followed in the same manner as 
the complete course of the phenomena by em- 
ploying the cathode-ray tube. 

The advantage of the method consists in 
the. low-energy losses. Methods for phase 
displacement in which, for instance, ohmic 
resistances are used will fail in practice with 
increasing frequency, as the current strengths 
depend almost exclusively on the inductive 
resistances. The resistances would have to 
become very large, and the energy losses 
caused thereby would be excessive in a case 
where energy is to be saved. 

The accompanying drawings show a few 
examples for the application of the method in 
spark telegraphy. 

Figs. 1,2, and 3 represent transmitter con- 
nections each codperating with two aerial 


conductors which are to be produced for the 


purpose of determining the direction of the 
waves in different phases. According to the 
new method this can be attained by coupling 
both aerial conductors @ 6 with a common os- 
cillating circuit A, Figs. 1 and 2, in which 
case the coupling strength of the two aerial 
conductors must vary according to the degree 
of the desired phase difference. 

Jn the connection shown in Fig. 2 the trans- 
formers are arranged parallel with the spark- 
ing distance of the exciting-circuit. The aerial 
conductors can also be connected directly— 
2. €., conductively—with the oscillating cir- 
cuits, when a coupling variety can be ob- 
tained by giving different self-induction to 
that part of the circuit which is common to 
both oscillating circuits and aerial conductors. 

In Fig. 3 the aerial conductor } does not act 
simultaneously with the exciting-circuit A, 
but by the interference of an oscillating cir- 
cuit which is metallically closed and whose 
inductive coupling, in connection with the ex- 
citing-circuit A, deviates from the coupling 
strength of the aerial conductor g. As re- 
gards the coupling strength of the aerial con- 
ductor @ with the exciting-circuit A and that 
ot the aerial conductor } with the oscillating 
circuit.¢ no difference need be made in this 
case. ; 

Fig. 4 represents a transmitter which, in 
connection with the new method, is intended 
for producing quick oscillations of long du- 
ration in such a manner that when, for in- 
stance, the aerial conductor @ has died away 
the aerial conductor é begins to swing in equal 
phase. In this case a system of high fre- 
quency is excited by oscillations of generally 
low frequency. The exciting-circuit A, with 
its large amount of energy, excites the oscil- 
lating circuit d, with which it is conductively 
connected, whereas the oscillating circuit ¢, 


776,380 


ing-circuit A, excites the oscillating circuit 
Ff, which latter is likewise conductively con- 
nected with the circuit c. 

By suitably selecting the self-induction of 
A on the one hand and that of the connect- 
ing-lines g on the other hand the energy of 
the oscillations produced in the excited cir- 
cuit A can be made to materially exceed the 
amount of energy obtained in the case of a 
static charge of the circuit on the same spark 
length. The circuits d and f“ may also be 
metallically closed—¢. ¢., without the spark- 
ing distances. In this case it is advisable to 
connect the lines g and A with the circuit d or 
JF outside the condensers, so that they. are 
separated from each other by a higher self- 
induction. The coupling strength depends on 
the position of the connecting-points of the 
lines g and / for the circuits A d and cf, re- 
spectively. A numerical example will show 
how the above-described effect is to be ob- 
tained. We assume a.drop of limit of a sin- 
gle oscillation in every coupled system, (loose 
coupling,) supposing the oscillations required 
in the circuits d and / be of the frequency 10°, 
and f shall begin to swing after ten oscilla- 
tions in the circuit d have died away. For 
this purpose I construct an oscillating cir- 
cuit A of the proper frequency 10’, from which 


which is inductively coupled with the excit- 


T excite the circuit ¢ by inductive transmis-_ 


sion with a phase difference of thirty-six de- 
grees. This corresponds to a time difference 
of 1/10.107* seconds—~. ¢., to a direction of 
ten of the quicker oscillations, (—10~° sec- 
onds.) It is clear that the method can also be 
applied to the moreslowly oscillating circuits 
A, for instance, by using two circuits instead 
of a single circuit A, which two circuits are 
again excited by still slower oscillations in 
phase difference either mechanically or elec- 
trically in the usual manner. The method 
may also be used for several circuits—for in- 
stance, two circuits with a phase difference of 
about thirty-six and seventy-two degrees. It 
is obvious that instead of two aerial conduc- 
tors a single conductor may be employed on 
which the oscillating circuits d@ and / act 
jointly. 

By means of currents with phase difference 
quickly - rotating magnet-fields or rotating 
electrostatic fields can be produced analogous 
to the arrangements in alternating -current 
systems from which magnet-fields currents of 
any phase difference may be taken. 

Having explained my invention, what I 
claim, and desire to secure by Letters Pat- 
ent, is— 

- 1. Inasystem for producing quick currents 
in phase difference, oscillating elements, in 
which the electric energy is required to oscil- 
late in phase difference, excited by a common 
oscillating circuit, with which they are coupled 
either inductively or conductively with ditf- 
ferent strength. 
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9. Inasystem for producing quick currents 


. with phase difference in aerial conductors of 


to 


15 


transmitters for spark telegraphy, aerial con- 
ductors coupled with a common exciting-cir- 
cuit, either inductively or conductively with 
different coupling strength, according to. the 
required phase difference of the oscillations. 

3. Ina system for producing oscillations of 
long duration, as described above, two or 
more oscillating circuits with the same and 
relatively high frequency,excited successively 
by alternating currents of low frequency os- 
cillating in phase difference. 


4. In asystem for producing oscillations of - 


long duration, as described above, one or 
more oscillating circuits, excited successively 


-by two or more oscillating circuits of low fre- 


quency which oscillate in phase difference. 


3 


5. Inasystem for producing oscillations of 
long duration in transmitters for spark teleg- 
raphy one or more aerial conductors, excited 
by oscillating circuits with the same and rel- 
atively high frequency, said circuits being ex- 
cited successively by alternating currents of 
low frequency oscillating in phase difference. 

6. In asystem for producing oscillations of 
long duration, the condenser of one oscillating 
circuit, charged from two points of a second 
circuit, for the purpose of exciting one cir- 
cuit by the other. 

In witness whereof I hereunto subscribe my 
name this 9th day of July, A. D. 1904. 

FERDINAND BRAUN. 

Witnesses: 

H. BranpDeEr, 
Gustav SCHWEIsS. 
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